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Abstract

Male sugarcane borer, Diatraea saccharalis

(F.), larvae at

egg hatch were equal in weight to females, but on artificial diet,
pupated in less time and achieved a smaller larval maximum and
1 day old pupal weight.

The peak period for egg hatch and ecdysis

was within a few hours after lights-on, and pupation occurred at
random.

Males completed larval development in 5 and 6 stadia and

females in 6 stadia.

Net larval growth was greater for males and

females completing development in 6 stadia than in 5 stadia.

Ecdysis

to the last stadium occurred during the 12th to 14th day after egg
hatch.

By choosing last stadium 0 day old borers > 70 m g and 1

day old borers > 140 mg, a synchronous population of female sugar
cane borers was obtained wh ich completed the last stadium in 5 days.
The prepupal stage occurred during the 5th day.

Synchronous female

borers were used in a physiological study of growth during the last
stadium.

The results were consistent w i t h the literature and were

reproducible even w h e n tested as much as 1 year apart.
A peak in the plasma juvenile hormone esterase (JHE) activity
occurred near the time w h e n female last stadium borers reached
their maxi m u m weight, and a second peak of plasma JHE activity and
a peak in the plasma Q f - n a p h t h y 1 acetate esterase (GY-NAE) activity
occurred at the prepupal stage.

The peak JHE activity was 1.73

nmoles/min/ml and the peak Qf-NAE activity was 123.6 nmoles/min/ml.
The last stadium JHE and a -NAE activity pattern, the inhibition
profile, enzyme stability,

isoelectric focusing, gel filtration,

and HPLC analysis indicated that JH I and J H III was metabolized
by the same JH specific esterase(s) distinct from the Of-NAE's.
Juvenile hormone I was metabolized at twice the rate of JH III.
Two JHE forms were resolved by isoelectric focusing and by HPLC
analysis.

The sugarcane borer JHE activity was not inhibited by

paraoxon as it was in other Lepidoptera studied.
for the JHE metabolism of JH I was 2.80 uM.

The apparent K ju

CHAPTER I
Growth and Development of Larval Diatraea saccharalis
on an Artificial Diet and Synchronization of the
Last Larval Stadium

1

Introduction

The sugarcane borer, Diatraea saccharalis

(F.), is the primary

pest of sugarcane in the Western hemisphere and is also a serious
pest of maize, grain sorghum, and rice in the United States and
Latin America (Williams et a l ., 1969).

Yield losses ascribed to

the sugarcane borer average about 13% annually in Louisiana sugar
cane fields w h e n infestations are not maintained below the economic
threshold of crop damage (Long e£ a l . , 1960 and Pollet et a l ., 1978).
Much has been written about this pest.

Roe et a l . (1981) in a biblio

graphy on the sugarcane borer listed 1193 articles published from
1887 to 1980.

Of this number, only 6%, were even remotely concerned

with borer physiology and only a fraction of this with larval growth
and development.

Hensley (1960) measured the head capsule width for

each instar and determined the duration of each stadium for sugar
cane borers reared on corn, and King et al.

(1975) considered the

effect of temperature on stadium duration for male and female sugar
cane borers reared on an artificial diet.
(Schmidt et a l . , 1977) was not considered.

Developmental polymorphism
Brewer and King (1978)

considered the effect of parasitism on larval food consumption and
growth but used cumulatively aged insects.
Several artificial diets for the sugarcane borer have been
recommended

(Pan and Long 1961, Walker et al. 1966, Bowling 1967,

H ensley and Hammond 1968, van Dinther and Goossens 1970, Sanford 1971,
and Brewer 1976), and various rearing procedures have been used
depending on the facilities and the equipment available (Pan 1960,
Hensley and Hammond 1968, and Fuchs et al.

1979).

These diets and
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methods are usually directed toward the mass rearing of borers in
the shortest possible time and at the lowest cost per insect.
Existing methods do not deal with aging.

Insects can be cumula

tively aged referring to the total elapsed time from egg hatch.
This procedure produces on a given day from egg hatch, a mixture
of instars and a mixture of ages within these instars.

Daily

variations are obscured by an averaging effect when cumulatively
aged insects are used.

The alternative can be to isolate larvae

daily at the beginning of a specific stadium and age these larvae
from that time point to the completion of the stadium.
Svec

(1964), Nijhout and Williams

and Sparks et: al.

Harris and

(1974), Clifford et al.

(1977),

(1979) have demonstrated the importance of

aging within a specific stadium for physiological and toxicological
studies.

Presented in this paper are the methods for synchronization

of the last stadium of the sugarcane borer and an example of how
this was used to study physiological changes during the last stadium
of the sugarcane borer.
The purpose of this study was to characterize the growth and
development of cumulatively aged sugarcane borers on an artificial
diet and to develop the methodology to produce synchronous p o p 
ulations of last stadium borers for physiological study.

Materials and Methods

Sugarcane borers were reared in a temperature and light
controlled environmental chamber at 27+l°C, on a IndorSur®
fluorescent lighting schedule of 14L:10D (lights-on at 7:00 AM).
There are many types of fluorescent lights available but IndorSuil^
(Verd-a-Ray Corp., 615 Front, Toledo, Ohio) is the closest approxi
mation to noonday sunlight that is readily available.

Humidity

was maintained at greater than 50% by water evaporation from a
shallow pan of water.
C u l t u r e .--Samples

(n=100) of sugarcane borer larvae were

originally collected from sugarcane stalks from 4 separate areas
of Louisiana

(Assumption, Lafourche, St. Martin, and St. James

Parishes), and were combined and maintained on an artificial diet
in the laboratory.

There was no additional genetic input into the

colony.
Ovipositional C h a m b e r s .--A cylindrical 1-gal carton was lined
wi t h w a x paper,

2 to 4 cm of vermiculite was placed on the bottom

and moistened,

and 30

pairs (cf and 9) of sugarcane borer pupae

( < 7 days old)

in a 9

X 1.4 cm petri dish bottom were placed on the

surface of the vermiculite.

The pupal and adult stages of the sugar

cane borer are the only stages that can be easily sexed.
X 13 cm pieces

of w a x

Three 13

paper folded to produce a corregated effect,

were placed in the carton.

The center of the carton's lid was

removed and the rim used to secure cheesecloth over the top of the
carton.

The cheesecloth was moistened with tap water daily.

Moisture was critical for borer oviposition;
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too little mositure

and no eggs would be laid.

Four to 6 ovipositional chambers were

maintained in the colony at all times.
The adults emerged in 9 days from the time of pupation.

Eggs

were laid on the w a x paper only, over a period of 3 to 8 days after
emergence.

As many as 700 eggs were recorded from 1 female, laid

in masses containing from 2 to 220 eggs.

The adults did not live

more than 9 days.
E g g s .— Ovipositional chambers were inspected 1 to 2 times a
week, and egg papers were removed from the cartons and sterilized.
Based on the number of pupae or adults still alive in these cartons,
new papers could be added or cartons combined into new ovipositional
chambers.

Wearing vinyl examination gloves, workers emersed the

egg papers in a solution of 30% ethanol in water for 2 min.

The

papers were then rinsed under a gentle stream of tap water, and the
papers placed on absorbent paper in a UV sterilization hood to dry.
Dried egg papers were placed in an 8 X 3 X 20 in. clear plastic bag
which was then tied with a rubber band.

Eggs reached the black head

stage (the point in embryonic development when the head capsule of
the embryo is heavily pigmented and easily visible through the chorion,
Fig. 6, Hensley,

1960) in 6 days and hatched in 7 days.

A wet Whatman

No. 1, 12.5 cm filter paper disc was placed in the plastic bag at
the black head stage to increase the moisture content inside the bag
and to prevent desiccation and quick death of newly hatched larvae.
The addition of moisture prior to the black head stage promoted the
growth of saprogenous fungi.

First stadium larvae under high humidity

conditions can survive in the plastic bag without food for 3 days.
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First Stadium L a r v a e .— Larvae were reared 2 per 1-oz plastic,
disposable cup (# 111 from Thunderbird Container Corp.)
to 1/2 with artificial diet.

filled 1/3

Larvae were transferred from the

plastic bag to the diet under a sterilization hood.

A smooth and

gentle sweeping stroke w i t h the side of a No. 0 camel hair brush
sterilized in 95% ethanol and rinsed in distilled water, was sufficient
for picking-up a larva, and a gentle flick of the brush usually
placed the larva on the diet or on the inside of the cup.

Diet cups

were then double capped (1 paper and 1 plastic cap) and held on 42
X 32 cm trays

(75 cups/tray). Double capping was necessary in order

to prevent last stadium sugarcane borers from boring out of the top
of the cup.

One tray of larvae was put-up daily for colony maintenance

alone.
Pupae--On artificial diet, the average duration of larval
development was 21 days for males and 23 days for females.

Trays

were dated so that a quick perusal of trays in the colony once a
we e k would indicate which trays contained pupae.
from the diet w i t h a spatula,
chambers.

Pupae were removed

sexed, and placed into ovipositional

Pupae were not pulled from the diet in the same room used

for diet preparation and handling, and all diet cups containing fungi
w e r e discarded without opening.
Lab C l e anliness.--Lab bench surfaces and floors were routinely
cleaned w ith Lysol®, and blending containers, diet dispensers, and
diet trays autoclaved.

Egg surface sterilization and the maintenance

of proper moisture conditions after sterilization were critical and
w e r e monitored closely.

7

D i e t .--For comparison purposes,

the following 9 diets were

tested for their suitability as an artificial diet for rearing the
sugarcane borer:
1.

Pinto bean and Brewer's yeast diet (modified from Shorey and
Hale,

1965).

2.

Lima bean diet (modified from Shorey,

1963).

3.

Pinto bean, wheat germ, and Brewer's yeast diet (Burton,

4.

Wheat germ, casein, and corncob grits diet

1969).

(courtesy of G. M.

Chippendale, Dept. Entomol., Univ. Mo.).
5.

Wheat germ, casein, and corncob grits diet (courtesy of F. M.
Davis, USDA, P.O. Box 5367, Miss. State, Miss.).

6.

Wheat germ and casein diet

(Hensley and Hammond,

1968 modified

from Adkisson et a l . , 1960).
7.

Soyflour and wheat germ diet

(courtesy of F. D. Brewer, USDA,

Stoneville, M i s s .).
8.

Soyflour and wheat germ diet

(Brewer,

9.

Soyflour, wheat germ, and corncob grits diet (Brewer, 1976).

Diet formulations are in Table 1.

1976).

Diets 3, and 6 through 9 are

diets recommended for rearing the sugarcane borer, Diet 1 for
Trichoplusia ni, Diet 2 for Heliothis spp., and Diets 4 and 5 for
Diatraea grandiosella.

Insects tested on diets 1 through 9 were

reared previously in the laboratory on Diet 3 for 1 year.

One day

old first stadium larvae were transferred to the test diet (1 larva/
cup) and their development at 27°C, 14L:10D, was monitored daily
until adulthood.

Diet comparisons were made based on larval mortality,

duration of larval development,

1 day old pupal wet weight, pupal

8

deformity, pupal mortality,

the duration of pupal development,

adult deformity, and the degree of diet contamination by fungi.
Data were segregated according to sex.
Diet Preparation.— Previously weighed amounts of all the
dry ingredients listed for each diet less the agar (Table 1) were
added to a 1-gal Waring Blendei®.
(25°C) were then added.

Liquid ingredients and water

Agar was mixed with water in the amount

indicated in Table 1, taken to a vigorous boil, and added to the
blender.

All ingredients were then blended for 3 min.

The diet

was dispensed into diet cups using ketchup squeeze bottles,
of diet filling about 4 trays of cups.

1 batch

The diet was allowed to cool

to room temperature (1 hr) in a sterilization hood and if not used
immediately, was capped with a plastic cap and stored at room temp
erature for up to 5 days.
All diet components were refrigerated and all vitamin solutions
were used within 1 week of their initial preparation.

Dry ingre

dients for each diet were weighed and placed in plastic bags and kept
frozen until needed.
Larval Growth, Development, and Synchronization.--Sugarcane
borers,

in all subsequent studies, were reared from egg hatch on Diet

5 at 30+1°C.

Cumulative growth and the female to male weight ratio

was determined at 2 day intervals from egg hatch to pupation for a
population of cumulatively aged borers.

From daily observations of

borers reared 1 per cup, cast head capsules were collected and the
width of the head capsules at their widest point was measured using
an ocular micrometer.

Also recorded was the cumulative age for the

completion of each stadium.

The cast head capsule was usually very

easily located in the diet because the capsule was deposited at one
end of the larva's tunnel at the surface of the diet.

Cast head

capsules from the last instar were retrieved but always in 2 parts,
separated along the epicranial suture.

Consequently, no measurements

were possible of the last instar cast head capsule.
gated by sex and instar group (3 groups,
to complete larval development)
ratio (Jacob and Chippendale,

Data were segre

taking 5, 6, or 7 stadia

(Schmidt et a l . , 1977) ; and the growth

1971) from the first to the next-to-

last instar was calculated for male and female borers in instar groups
5 and 6.
The relationship of egg hatch (at 27°C), ecdysis

(at 30°C for

cumulatively aged 13 to 14 day old larvae), and pupation (at 30°C
for 17 to 18 day old borers) to the light:dark cycle was determined
at 2 hr intervals during the photophase and at 5 hr intervals during
the scotophase.

Each experiment was repeated at least 3 times in

separate groups of at least 100 insects.
observe insects during the scotophase.

A red light was used to
Egg masses of about 300 eggs

were placed in a clear plastic petri dish (9 cm in diameter) to
confine and facilitate counting of newly hatched larvae.

Cumulatively

aged 13 and 17 day old larvae were transferred to diet cups containing
only 3 to 4 m m in thickness of diet (1 larva/cup).

The thin diet

made it impossible for the larva to bore into the diet and conceal
itself, and the cast head capsule and exuviae (the markers for
ecdysis),

or the pupae we r e readily observable.

The cumulative wet weight gain for last stadium borers was

determined from the daily weighing of only those larvae undergoing
ecdysis to the last instar during the 12th to the 14th day after
egg hatch between 7:00 A M and 3:00 P M each day.

Twelve day old

larvae were transferred (1 larva/cup) to thin diet and were inspected
at 7:00 A M and 3:00 P M during the 12th, 13th, and 14th day after
egg hatch.

Only those larvae undergoing ecdysis during this period

we r e weighed and then transferred to standard diet cups.
larvae were w eighed daily at 3:00 P M through pupation.

These
Data were

segregated according to sex and the number of days needed to complete
the last larval stadium.

Using these data, methods were developed

for obtaining synchronous populations of female,

last stadium borers.

The daily oxygen consumption rate for synchronous,

female,

last stadium borers was measured with a Gilsor^ differential
respiroraeter.

A 1 hr equilibrium period preceded each V 02 measurement

and all determinations were run at the same time of the day, 3:00
PMf2 hrs.

Hemolymph osmolality was determined with a W e s c o i ® Vapor

Pressure Osmometer using 5 to 10 ul of hemolymph collected in a
capillary tube from the dorsal aorta of the sugarcane borer larva.

Results

The ingredients comprising the 9 artificial diets tested for
rearing the sugarcane borer, are listed in Table 1.

Table 2 is

a comparison of these diets based on the respective growth rate
of Diatraea saccharalis at 27°C, 14L:10D.

On all the diets tested,

male sugarcane borers completed larval development an average of
1 to 4 days earlier than females (the only exception was Diet 7)
and attained 1 day old pupal wet weights that were 53 to 67% of
those obtained for the females.

The shortest larval development

time for males was 21 days on Diets 5 and 8; and for females,
days on Diet 8.
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Male and female borers reared on Diet 2 completed

development in 39 and 43 days, respectively, the longest period
of all the diets tested.

The highest average 1 day old pupal weight

for males was 104 mg on Diet 8 and for females 194 mg on Diet 4.
The lowest 1 day old male and female pupal weights were for Diet 1.
One day old male pupae weighed an average of 75 mg (72% of the
male maximum weight for Diet 8) while females averaged 112 mg
(58% of the female maximum weight for Diet 4).

Pupal and larval

mortality was highest for Diets 1 and 2, respectively.

Fungal con

tamination was a severe problem w i t h Diet 9 (57.0% contamination) and
a moderate problem with Diet 6 (15.8% contamination).

Pupal and

adult deformity never exceeded 4.0% and the pupal stage lasted 9
days for all diets,.
Overall, Diets 1 and 2 had the longest larval developmental
times, the smallest 1 day old pupal weights, and the highest mortality
rates of the diets tested.

The opposite was true for Diet 8.
11

Diets

Table

1.

Composition of the artificial diets tested for the laboratory rearing of the
sugarcane borer.

1

Diet:
Ingredients (g):
soaked 24 hrs.-pinto beans
baby lima beans
wheat germ
vit. free casein
brewer's yeast
nutri-soy flour
corncob grits
(60 mesh)
alphacel
sucrose
L-tryptophan
L-methionine
wheat germ oil
linseed oil
cholesterol
wesson salt
choline chloride
ascorbic acid
zinc acetate-2H 20
KOH
hexamethylenetetramine
aureomycin
tegosept
sorbic acid
formaldehyde
vitamin mix
agar
100°C water
25°C water

2

3

4

5

6

7

8

9

78
91

79
92

107
107

113

109

105

131

129

155

17
131

18
129

144
17
124

37.5

36.2
3.6
14.5

35.0
3.5
14.0

774

1237
1466

179
115

272

97
39
91

18

136
92

178

0.58
0.58
9.43

16.3

2.1
14.0

11.7

4.86
25.9
1.9
7.9
0.23

0.75
0.35
26.4
8.0

35.7
3.6
14.3

4.079

3.932

0.5
5.44

0.5
5.24

0.491
6.0s
91
2216
886

0.474
5.86
44
2136
854

2.0
10.90
4.5
0.336
99.91
27
817
1144

14.00
2.589
14.02
35
1260
840

7.17
3.6
1.062
46
1256
1256

5.70
1.9
0.169
38.93
63
2023
1070

5.59
2.0
20.03
65
1872
1247

1.0
5.35
0.660
35.74
71
908
2180

3.4
5.06
3.0
33.8s
80
3094

^•ICN Nutritional Biochemicals, Vitamin Diet Fortification Mixture.
^Vitamin solution of 12g Ca pantothenate, 6g niacin, 3g riboflavin, 3g folic acid, 1.5g
pyridoxine HC1, 1.5g thiamine HCl, 120mg biotin, 6 mg vit. B^2> an<* 15.6g inositol in 1 liter.
3Vanderzant Vitamin Fortification-Insects.
^Vitamin

solution, Table 3, Adkisson et al. (1960) less the inositol.

sVitamin Mix, Quote #26862, Hoffmann-LaRoche Inc.
^Vitamin solution, Berger (1963).

Table 2.

A comparison of the development of Diatraea saccharalis reared on 9 artificial diets.
Means and percentages are derived from a minimum of 150 insects examined per diet tested.

Diet1

Larvae
Development-Days
Males
Females

%

Real
Mortality^

Pupae
Weight-MGJ
Males Females

X Real
Mortality^

% Fungal
Contamination

1

35+54

38+6

6.8

75+14

112+22

23.0

0.0

2

39+5

43+6

20.1

83+11

132+19

1.3

0.0

3

2.5+3

27+3

3.3

94+14

158+28

4.0

0.0

4

23+2

25+4

5.1

102+10

194+31

4.5

0.0

5

21+2

23+4

3.4

101+12

166+26

2.7

1.3

6

24+3

26+2

2.8

103+12

188+23

0.7

15.8

7

30+5

30+5

5.1

102+11

178+27

0.0

0.6

8

21+2

22+2

1.4

104+9

181+25

1.4

8.0

9

22+2

24+4

0.7

158+21

0.7

57.0

98+11

^•Diet formulation in Table 1.
^The number dying in the larval stage or pupal stage, respectively, as a percent of the number
entering the generation observed.
^One day old pupal weight.
4Mean +1 standard error of the mean.

J.H*

3 through 7 were not significantly different from Diet 8 (Q4=0.05).
The daily growth of larval male and female sugarcane borers
on Diet 5 at 30°C, 14L:10D is shown in Fig.

1.

Wet weight gain

per unit time was greater for the latter half of larval development
for both sexes.

Male sugarcane borers achieved a smaller maximum

weight and pupated in less time than females.
borers at egg hatch w e r e equal in weight
ratio was equal to 1, Fig.

1).

Male and female

(the female to male weight

Within the first 4 days of larval

development the w eight ratio increased to 1.09 and continued to
increase until the larval maximum weight was achieved.

The greatest

change in the female to male weight ratio occurred in the last 6 to
8 days of development roughly corresponding to the last larval stadium.
Table 3 is a breakdown by sex and instar group of the mean
cumulative age for the completion of each stadium and the duration
in days of each stadium for larval development of the borer on Diet
5 at 30°C.

One-half of the males completed larval development in

5 stadia and the other 1/2 in 6 stadia.

The majority of the females

completed larval development in 6 stadia.
whole,

For the population as a

28.3% completed development in 5 stadia (90.1% males, 9.9%

females), 68.9% completed development in 6 stadia (38.3% males,
61.7% females), and 2.8% completed development in 7 stadia (32.1%
males,

67.9% females).

On the average, males completed larval

development in fewer days than females, the only exception being
instar group 7.

In all instar groups,

the first and last stadia

were about equal in duration and longer than the other stadia.

The

majority of the population underwent ecdysis from the next-to-last

Figure 1.

Cumulative growth curve for female larval ( o ) and 1 day
old pupal (A); and male larval ( • ) and 1 day old pupal
(A) sugarcane borers. The number in parenthesis is the
female weight divided by the male weight.
Each point
represents the mean of at least 31 insects, and the v er
tical lines the standard error of the mean which in most
cases do not exceed the size of the symbol.
(Data used
for this figure are in Appendix Table 1.)

i.\J

200

-

FEMALES

180160140-

(1.53)

3120-

(1.21 )

•
60-

MALES

,8 (1.06)

40-

20

a 0.18)

-

2

4

6

8

10

12

14

LARVAL CUMULATIVE AGE (DAYS)

16

18

20

Table 3.

Breakdown by sex and lnstar group of the mean cumulative age for the completion of each stadium,
and the duration in days of each stadium for a population of sugarcane borers (n=107) reared on
artificial diet.

Instar Group:
Sex (% of Pop.):

6

5

<S

<3

7

(26.4%)

9 (42.5%)

Cumul. Age
(Duration)

Cumul. Age
(Duration)

Cumul. Age
(Duration)

4.9+0.61
(4.9)

4.7+0.6
(4.7)

4.4+0.5
(4.4)

4.9+1.1
(4.9)

5.02
(5.0)

5.0
(5.0)

II

7.2+0.9
(2.3)

7.3+1.2
(2.6)

7.2+0.9
(2.8)

7.4+1^3
(2.5)

10.0
(5.0)

7.5+0.7
(2.5)

III

9.3+0.9
(2.1)

9.3+1.2
(2.0)

9.4+1.2
(2.2)

9.5+1.6
(2.1)

13.0
(3.0)

9.5+0.7
(2.0)

IV

12.2+1.0
(2.9)

12.3+1.2
(3.0)

11.8+1.2
(2.4)

12.0+1.5
(2.5)

15.0
(2.0)

12.5+0.7
(3.0)

V

17.7+1.3
(4.5)

18.3+1.2
(5.0)

14.4+1.3
(2.6)

14.7+1.8
(2.7)

18.0
(3.0)

15.0+1.4
(2.5)

19.5+1.6
(4.1)

20.3+2.0
(4.6)

21.0
(3.0)

19.0+2.8
(4.0)

26.0
(4.0)

25.0+0.0
(5.0)

Stadium

I

(25.5%)

Cumul. Age
(Duration)

9 (2.8%)

VI

VII

Iffean cumulative age +1 standard deviation.
^Xnsufficient numbers to obtain a standard deviation.

cf (0.9%)

9 (1.9%)

Cumul. Age
(Duration)

Cumul. Age
(Duration)

to the last stadium during the 12th to the 14th day after egg hatch.
Table 4 is a breakdown by sex and instar group of the cast head
capsule width +1 standard deviation, the cast head capsule width
range ( 2 standard d e viations), and the growth ratio for a popula
tion of sugarcane borers reared at 30°C on Diet 5.

Within each

instar group (groups 5 and 6 only, 97.2% of the population) and by
sex, there was only 1 case of overlapping ranges between different
instars

(superscript f, Table 4).

+1.98 standard deviations.

This overlap does not occur at

Between instar groups and sexes, over

lapping ranges between different instars were common (superscripts
a-g, Table 4).

These overlapping ranges occurred even at +1 standard

deviation.
A greater overall increase in both the male and female cast
head capsule width occurred for instar group 6 in comparison to
instar group 5 (Table 4).

This was indicated by a larger growth ratio

for group 6 than for group 5 irrespective of the sex.
instar group,

females had a larger growth ratio than males.

In varying degrees,
cycle.

Within each

larval growth was related to the light:dark

The peak period for egg hatch occurred during the first 2

hrs after lights-on and hatching was finished 6 hrs after lights-on
(Fig. 2).

No hatching was ever recorded during the scotophase.

During the period w h e n borers were molting from the next-to-last to
the last stadium (the 12th to the 14th day after egg hatch, Table 3),
the peak period for ecdysis was 17.5%/hr at 3 to 4 hrs after lightson (Fig. 2) which declined to 0.5%/hr at the end of the photophase.
Some ecdysis always occurred during the scotophase.

In contrast to

Table 4.

Breakdown by sex and instar group of the cast head capsule width (CHCW) and growth ratio for the
first instar to the next-to-last instar for a population of sugarcane borers (n=107) reared on
artificial diet.

Instar Group:
Sex (% of Pop.):

5

<f

7

6

<f

¥ (2.8%)

CHCW-MM
(range)1

CHCW-MM
(range)

CHCW-MM
(range)

CHCW-MM
(range)

CHCW-MM
(range)

0.293+0.0132
(0.267-0.319)

0.280+0.017
(0.246-0.314)

0.291+0.020
(0.251-0.331)

0.287+0.017
(0.253-0.321)

0.2703

II

0.428+0.027
(0.374-0.482)a

0.420+0.017
(0.386-0.454)

0.406+0.035
(0.336-0.476)

0.406+0.033
(0.340-0.472)

0.340

0.405+0.049
(0.307-0.503)

III

0.675+0.041
(0.593-0.757)b

0.690+0.017
(0.656-0.724)

0.609+0.064
(0.481-0.737)a

0.632+0.057
(0.518-0.746)c

0.410

0.625+0.078
(0.469-0.781)

IV

1.017+0.060
(0.897-1.137)d

1.070+0.017
(1.036-1.104)e

0.912+0.085
(0.742-1.082)bcf

0.952+0.074
(0.804-1.100)8

0.610

0.875+0.092
(0.691-1.059)

1.299+0.109
(1.081-1.517)defg

1.372+0.111
(1.150-1.594)

0.940

1.150+0.099
(0.952-1.348)

Instar

I

V

(26.4%)

¥ (42.5%)

VI

(0.9%)

¥ (1.9%)

(25.5%)

—

Growth
Rate

3.82

3.47

4.46

4.78

—

CHCW-MM
(range)
—

1.420+0.198
(1.024-1.816)

—

^■Common letters indicate overlapping ranges between different instars for instar groups 5 and 6 which
comprise 97.2% of the population.
2Mean cast head capsule width +1 standard deviation.
^Insufficient numbers to obtain a standard deviation.

,

4

qRatio of the cast head capsule width of the next-to-last instar divided by that of the first instar.
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Figure 2

The relation of egg hatch, ecdysis, and pupation to the
light:dark cycle (14L:10D).
(Data used in this figure
are in Appendix Table 2.)
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egg hatching and ecdysis, pupation appeared to occur

at random.

For the majority of the borer population, ecdysis from the nextto-last to the last stadium occurred during the 12th to the 14th
day after egg hatch (Table 3).

Seventy-nine percent of all ecdysis

that occurred during this period took place between the hours of
7:00 A M (lights-on) and 3:00 P M (Fig. 2).

The cumulative wet weight

gain for last stadium borers that entered the last stadium during
the 12th to the 14th day between the hrs of 7:00 A M to 3:00 P M is
shown in Fig. 3.

Data were segregated according to the number of

days needed to complete the last stadium, and sex.
PM on the day of the ecdysis.

Day 0 was 3:00

Twenty percent of the last stadium

borers were females completing the last stadium in 5 days, 147, in
6 days, and 6% in 7 days.

Males completed the last stadium in 4

days (147 of the last stadium borers), 5 days

(307), and 6 days

(77.).

Nine percent of the last stadium larvae were females pupating in 4
days, males pupating in 7 days, or larvae that died as larval-pupal
intermediates.
The wet weight of 0 day old female borers was slightly larger than
that of males

(Fig. 3).

The minimum weight difference between males

and females for 0 day old borers was 1.7 mg.

Females during the last

stadium gained more weight, reached a greater, maximum weight, and
had a greater net weight gain than males.

The minimum weight diff

erence between male and female larvae on the last day of the stadium
was 37.2 mg.

Female or male borers

(Fig. 3) with the higher 0 day

old weight completed the last stadium in a shorter period of time,
attained a higher maximum weight, and had a larger net weight gain

23

Figure 3.

Wet weight +1 standard error of the mean versus age within
the last stadium for male and female sugarcane borers.
Stadium duration is 5 (A), 6 ( D ) , and 7 (o) days for
females and 4 (A), 5 ( ■ ), and 6 ( • ) days for males.
Prepupae form during the last day of the stadium.
Only
ecdysis to the last stadium during the 12th to 14th day
after egg hatch and only between the hours of 7:00 AM
(lights-on) and 3:00 P M each day, was used; this was 79%
of all ecdysis to the last stadium during the 12th to 14th
day.
The percent next to each curve represents the per
cent of 269 larvae examined that comprised that curve.
Nine percent of the last stadium larvae were females
pupating in 4 days or males pupating in 7 days or larvae
that died as larval-pupal intermediates.
Only the 5-dayfemales were used for subsequent work.
(Data used for
this figure are in Appendix Table 3.)
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than borers with a lower 0 day old weight.

Day 0 sugarcane borers

undergoing ecdysis during the 12th to the 14th day after egg hatch
to a stadium other than the last, never weighed more than 39 mg.
For male and female borers,
the first half of the stadium.
to be highest during this time.

the growth rate was highest during
Feeding activity was also observed
Borers reached a maximum weight in

the latter third of the stadium and lost weight prior to pupation.
During the last day of the stadium, the larvae entered a prepupal
stage where the gut was completely cleared of food, the body was
shortened and condensed,

and the larvae was quiescent.

The 5-day-female weights for 0 to 2 day old last stadium borers
were significantly higher than the remaining part of the population
(Fig. 3) enabling 5-day-females to be separated from the rest of
the last stadium borers b y their higher weights.

This was not

possible for any of the other groups of last stadium borers.

The

relationship between larval weights greater than or equal to that
indicated on the x-axis for 0, 1, or 2 day old last stadium borers,
versus the percent of five-day-females comprising a population of
0, 1, or 2 day old last stadium borers with a corresponding weight
greater than or equal to that indicated is shown in Fig. 4 (top
graph).

By choosing 0 day old borers with weights > 70 mg (open

arrow, Fig. 4, top), a population of last instar borers would be
obtained in which 60% of the borers were 5-day-females.
for 1 day old borers >
borers >

Similarly,

140 m g (dotted arro w ) , and for 2 day old

180 mg (solid a r r o w ) , 80 and 75%, respectively,

borer population would be 5-day-females.

of the

zo

Figure 4.

T o p : The percent of 5-day-females (A) comprising a pop
ulation of last stadium borers with corresponding weights
at or above that indicated (x-axis). B o t t o m : The number
of 5-day-females with weights at or above that indicated
(x-axis) as a percent (B) of all the 5-day-females present
in a population of last stadium borers.
Data are segre
gated according to age within the last stadium, 0 day
old ( O ), 1 day old ( o ), and 2 day old ( • ).
Sixty per
cent (open arrow— top) of a population of 0 day old last
stadium borers with weights >
70 mg are 5-day-females;
this corresponds (open arrow— bottom) to 55% of all the
5-day-females present in a population of 0 day old, last
stadium borers.
For 1 day old borers >
140 mg, the
percentages are 80 and 40%, respectively (dotted arrows)
and for 2 day old borers > 180 mg, 75 and 55%, respec
tively (solid arrow).
This figure was constructed from
the results in figure 3.
(Plotted data in this figure
are in Appendix Tables 4-6.)
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The number of 5-day-females present in a population of 0, 1,
or 2 day old last stadium borers is shown in Fig. 4 (bottom graph).
In choosing 0 day old borers with weights >
4, bottom),

only 55% of all the 5-day-females would be included.

F o r 1 day old weights >
weights >

70 mg (open arrow, Fig.

140 mg (dotted arrow) and for 2 day old

180 mg (solid arrow),

only 40 and 55%, respectively,

would be included.
As the acceptable w eight of 0, 1, or 2 day old last stadium
borers greater than or equal to that indicated on the x-axis is
increased,

the percent of the 5-day-females comprising the population

of last instar borers increases

(A increases, Fig. 4), but at the

same time the number of 5-day-females as a percent of all the
5-day-females present

(B), decreases.

The arrows in Fig. 4 were

positioned at a larval wet weight greater than or equal to that
indicated on the x-axis that optimized both A and B (Fig. 4).
Two trays of 1 day old sugarcane borer larvae were put-up on
diet daily (2 larvae/cup).

On the 12th day after egg hatch, these

borers were transferred (1 larva/cup) to thin diet and the 0 and 1
day old last stadium weight determined for only those borers under
going ecdysis between 7:00 A M and 3:00 PM.

A synchronous popula

tion of 40 to 60 5-day-female borers were obtained daily by choosing
0 day old last stadium borers with weights >

70 mg (60% A, 55% B ) ,

and 1 day old last stadium borers with weights >
40% B ) .

140 mg (80% A,

The age of 2 to 5 day old, 5-day-females was determined

from the elapsed time from day 1.

There was no added advantage in

selecting 2 day old last stadium larvae with weights >

180 mg, since

A and B (75% and 55%, respectively) were about equal to that for
Day 1.
Daily changes in the larval wet weight,

in the overall metabolic

rate, and in the hemolymph solute concentration are shown in Fig.
5 for synchronous,

last stadium, 5-day-female sugarcane borers.

During the period of maxi m um growth (the first half of the stadium),
the oxygen consumption rate and hemolymph osmolality was highest.
As the feeding rate declined and the growth slowed during the latter
half of the stadium,

the oxygen consumption rate and the hemolymph

osmolality also declined.

J U

Figure 5.

Daily changes in the larval wet weight (■ ), in the
overall metabolic rate ( • ) , and in the hemolymph solute
concentration (A) in synchronous, last stadium, 5-dayfemale sugarcane borers with 0 day old weight >
70 mg
and 1 day old weight > 140 mg.
Each symbol represents
the mean of at least 10 insects and the vertical lines
one standard error of the mean.
(Data used in this
figure are in Appendix Table 7.)
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Discussion

The sugarcane borer was reared successfully on many different
natural and artificial diets

(Hensley 1960, Pan 1960,

Isa 1961,

Pan and Long 1961, Wongsiri and Randolph 1962, Walker et al. 1966,
Bowling 1967, Hensley and Hammond 1968, van Dinther and Goossens
1970, Sanford 1971, Brewer 1976, Brewer and Martin 1976, and Brewer
1977).

A complete listing of sugarcane borer rearing literature

was assembled by Roe et al.

(1981).

Many of the artificial diets

published in the literature were recommended as the diet of choice
for rearing D. saccharalis.

In an effort to evaluate existing

recommendations, a comparison was made between recommended sugarcane
borer diets

(Diets 3, and 6 through 9, Table 1) and diets developed

for rearing non-related Lepidoptera

(Diets 1 and 2), as well as with

diets developed for rearing a related species, D. grandiosella (Diets
4 and 5).
The diets in Table 1 were ranked based on equal weighting of
mean larval developmental time, pupal weight, mortality rate, and
fungal contamination in the following order:
4, 5, 6, and 9,

(3) Diet 7,

(1) Diet 8,

(2) Diets

(4) Diet 3, and (5) Diets 1 and 2.

The inordinate increase in the duration of larval development,

the

low 1 day old pupal wet weight, and the high larval and pupal
mortality rate, made Diets 1 and 2 inadequate in comparison to the
other diets tested for rearing the sugarcane borer.
were developed for non-related Lepidoptera.

These diets

Diet 8 had the shortest

larval developmental time, the greatest 1 day old pupal w et weight,

32

33

and the lowest mortality rate making it, based on averages alone,
the most desirable diet tested.

The duration of larval development,

and the male and female 1 day old pupal wet weight for Diet 8 were
similar to that reported by Brewer (1976) for D. saccharalis reared
on the same diet.

Based on the slightly longer larval developmental

time and the slightly smaller pupal weights,

Diets 3 through 7

were less desirable

but not significantly different from Diet

(01=0.05).

and 5 were D. grandiosella diets.

Diets 4

8

Diet 9 was

satisfactory except

for a high percentage of fungal contamination

which may not be as

great of a concern in other laboratories.

The

reason for this problem is unexplained since the only difference
between Diets 8 and 9 was a 50% reduction in the amount of agar
substituted with corncob grits in Diet 9.

Diet 5 was used in sub

sequent work because it was ranked high among the diets tested,
because it was used to rear a number of different species

(Ostrinia

nu b ilalis, Spodoptera frugiperda, and D. grandiosella, personal
communication with F. M. Davis, USDA., Miss. State, Miss.), and
because the dry ingredient mix was readily available commercially
(a D. grandiosella custom dry mix from Bio-Serv., Inc., Frenchtown,
N.J.).
Rolston (1955) found for a population of D. grandiosella
reared on corn that 4.2% completed larval development in 5 stadia,
54.2% in 6 stadia, 37.5% in 7 stadia, and 4.2% in 8 stadia.
and Chippendale

Jacob

(1971) reported for D. grandiosella reared on an

artificial diet, that 61% of the larvae completed larval development
in 5 stadia and 39% in 6 stadia.

King et al.

(1975) reared the

J<+

sugarcane borer on an artificial diet and found that 507. of the borers
completed development in 5 stadia, 46.7% in 6 stadia, and 3.3% in
7 stadia.

In this study, the sugarcane borer reared on Diet 5 at

30°C completed larval development in 5 stadia (28.3%), 6 stadia
(68.9%), and 7 stadia (2.8%)

(Table 3).

The existence of multiple

instar groups reported by 2 researchers using different sugarcane
borer colonies and artificial diets,
polymorphism for D. saccharalis.

indicated larval developmental

Developmental polymorphism also

appears to occur in D. grandiosella larvae.
Jacob and Chippendale (1971) also reported for D. grandiosella
that 89.5%, of the males completed larval development in 5 stadia
and 67.6% of the females in 6 stadia.

For the sugarcane borer,

48.3% of the male borers completed development in 5 stadia and 50.0%
in 6 stadia, while 90.0% of the female borers completed development
in 6 stadia.

For both species, developmental polymorphism appeared

to be sex-linked.
Hensley (1960) measured the head capsule width for each instar
of the sugarcane borer reared on corn and found overlapping ranges
from the 4th to the 7th (last) instar.

He concluded that instars

could not be distinguished on head capsule width data alone.

When

sugarcane borers were reared on an artificial diet and cast head
capsule widths segregated according to instar group and sex, there
was no overlapping of ranges between different instars for males and
females in instar groups 5 and 6 (97.2% of the population, Table 4).
Instar groups were determined from direct observation of the number
of instars needed to complete larval development.

No other method

other than direct observation is available for assigning borers
to a particular instar group.

Therefore, it is unlikely that any

other method besides direct observation will be adequate for assign
ing instar numbers to borers collected from natural populations.
King et al.

(1975) found for sugarcane borers reared in the

temperature range from 22 to 33°C, that the female pupal weight
exceeded male pupal weight by 60 to 70 mg.

Brewer (1976), comparing

the growth of the sugarcane borer on different artificial diets,
found female pupal weights heavier than males for all diets tested.
This was also the case for borers reared on all 9 artificial diets
(Table 2).

The sex-linked weight differences were not evident at

egg hatch (Fig.
later.

1), but detectable differences were present 4 days

The greatest differences in the rate of male and female

growth occurred during the last stadium.

There were also differences

in the amount of growth between instar groups (Table 4) as well as
between males and females.

Larvae taking 6 stadia to complete

development had a larger growth ratio than larvae taking 5 stadia,
irrespective of sex.

Therefore,

the differences in the growth be

tween males and females noted in Fig.

1 resulted from a combination

of sex- and instar group-linked differences in growth rate.
Reagan et al.

(1972) demonstrated the importance of predators

on suppressing borer populations in Louisiana sugarcane fields,
especially in the spring and early summer when populations were
small.

Negm and Hensley (1969) found with some exceptions that the

predator pressures occurred primarily during the scotophase.

The

most important predator of the sugarcane borer larvae was Carabid

J O

larvae that Negra and Hensley observed attacking 1st, 2nd, and 3rd
stadium larvae while they were feeding on the inner surface of leaf
sheaths.

It is suggested that in Louisiana sugarcane fields,

larvae

hatch and undergo ecdysis during the early part of the photophase
(Fig. 2) just after the peak predation period as a result of
predator pressure.

Once larvae bore and become established in the

relative safety of the sugarcane stalk, they appear to pupate at
random with no apparent synchronization with the light:dark cycle
(Fig. 2).
The pattern of Vq^ and osmolality during the last stadium for
5-day-female sugarcane borers was similar to that found during the
last stadium of the house cricket, Acheta domesticus
et al. , 1977 a,b).

(L.)

(Woodring

The V 02 an<^ osmolality was the highest when

feeding and the growth rate was highest, and they declined to their
lowest levels w h e n feeding and the growth rate declined during the
latter half of the stadium.
The correlation that was found between feeding, growth, and Vq^
is commonly associated w i t h development between insect molts
(Woodring et al., 1977 a,b).
hormone esterase activity,

The daily fluctuations in juvenile

in the Q l -naphthyl acetate esterase activ

ity, and in the plasma protein concentration were also determined
during the last stadium for 5-day-females

(unpublished).

The fluctua

tions in esterase activity w e r e consistent with that reported by
Sanburg et a l . (1975), Sparks £ t al.
(1979), and Jones et al.

(1981).

(1979), Sparks and Hammock

In full operation, the aging

procedure described here-in netted 40 to 60 aged female last stadium
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borers daily.

These borers were used in extensive physiological

studies of growth during the last stadium.

The results were always

consistant w i t h the literature and were reproducible even when tested
as much as 1 year apart.
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CHAPTER II
Characterization of the Plasma Juvenile Hormone Esterase
in Synchronous Last Stadium Female Larvae of the
Sugarcane Borer, Diatraea saccharalis
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Introduction

Hammock and Q uistad (1976) and Williams

(1976) in a review

on juvenile hormone, called attention to the importance of juvenoids,
the major class of insect growth regulators, as potential insect
control agents.

The effectiveness of these substances are dependent

on many factors, but a clear understanding of their mode of degrada
tion by both target and non-target species is central to an effective
use of these substances as insect control agents.
Several routes of degradation exist for juvenile hormone, but
ester hydrolysis appears to be the primary route of degradation in
insects especially in Lepidoptera (Hammock and Quistad,

1976).

The appearance of JH specific esterase activity at specific points
during last stadium development implicates JH esterase (JHE) as a
possible mechanism for regulating JH titer in insects

(Weirich et a l .

1973, Nowock and Gilbert 1976, Weirich and W r e n 1976, Vince and
Gilbert 1977, Hwang-Hsu et al.
et al. 1981).

Weirich et al.

1979, Sparks £t al. 1979, and Jones
(1973) and Vince and Gilbert

found in the last larval stadium of Manduca sexta,
activity,

(1977)

2 peaks of JHE

1 peak just before the wandering stage and the other just

before larval-pupal ecdysis.

It was suggested that the peaks in

hemolymph JHE activity during the last stadium were for the degrada
tion of circulating J H bound to a specific binding protein that
protects J H from general esterases in the hemolymph (Gilbert et a l . ,
1976).

As was recommended by Jones et al.

(1981), if this explanation

is to be a comprehensive model for all Lepidoptera,
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the last stadium

of many other Lepidoptera must be examined.
Weirich et al.

(1973) and Sparks .et al.

(1979) found that the

pattern of change in JHE activity was different from the pattern
of Otf-naphthyl acetate esterase (01-NAE) activity during the last
stadium of Manduca sexta and Trichoplusia n i , respectively.

This

indicated that JH and a -NA at least in part were metabolized by
different enzymes attaining peak concentrations at different points
during the last stadium.

Juvenile hormone esterase activity was

reported in a variety of insects

(Weirich et al. 1973, Pratt 1975,

Kramer and de Kort 1976 a, Weirich and W ren 1976, Brown jet a l .
1977, Hammock et al.

1977, Hwang-Hsu at al. 1979, Sparks et al.

1979, Sparks and Hammock 1980, and Jones at al. 1981) but detailed
characterizations of both JHE and

Cl -NAE

activity in the same insect

were few (Sanburg et a l . , 1975 a and Sparks and Hammock,

1979).

There were no cases in the literature where JHE activity was m on
itored in the same experiment with JH I, JH II, and JH III esterase
(Sparks et a l ., 1979).

Hammock et al.

(1977) and Sparks et a l .

(1979) compared the rate of JH I and JH III esterase hydrolysis in
the hemolymph of Blaberus giganteus and T. ni, respectively.
The objective of this study was to characterize last stadium,
sugarcane borer, Diatraea saccharalis

(F.), plasma esterase(s)

involved in the metabolism of JH I, JH III, and Ctf-NA.

Materials and Methods

Insects.--Sugarcane borers were reared on an artificial diet
(Roe et al.

1981) at 30+1°C (greater than 50% relative humidity)

on an IndorSur@ fluorescent lighting schedule of 14L:10D.

Larvae

were originally collected from sugarcane stalks from 4 different
areas in Louisiana and reared on artificial diet for 2 years.

Only

those female larvae molting to the last stadium after the 13th day
after egg hatch and completing last stadium development in 5 days,
were used in this study.

These borers were separated from the

population by their greater 0 and 1 day old last stadium wet weight
according to the procedures of Roe et al.
day of the last stadium,

(1981).

During the 5th

larvae entered a prepupal stage where the

gut was completely cleared of food, the body was shortened and
condensed, and the larva was quiescent.
Collection of Hemolymph.--Hemolymph was obtained from unanaesthe
tized larvae (Woodring et a l . , 1978) by cutting the anal prolegs and
applying gentle finger pressure on the body.

Hemolymph was collected

in a 6 X 50 m m culture tube at 4°C, and centrifuged for 3 min at
1000 £.

Hemolymph from prepupae was collected into a capillary tube

from an insect-pin puncture wound in the dorsal aorta and then trans
ferred to a culture tube and centrifuged.

Plasma was used immediately

after centrifugation or diluted in sodium phosphate buffer (1=0 .2 ,
pH 7.4, 0.01% phenylthiourea (PTU); except for HPLC analysis)
and used immediately.

Hemolymph was always collected at the same

time of the photophase, 6+2 hrs after lights-on.
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Protein A s s a y s .— Daily changes in the plasma protein concen
tration for female last stadium borers was determined by the
Biuret Method (Gornall et a l ., 1949).

Twenty-five ul of plasma

w e r e rinsed into 0.5 ml of 2N NaOH and heated for 15 min at 50°C.
Two ml of Biuret reagent were added, 30 min allowed for color develop
ment, and the absorbance measured at 540 n m on a Bausch and Lomb
Spectronic 20.

Bovine albumin was used as a standard.

filtration pattern for prepupal,

The gel

female sugarcane borer plasma protein

was determined using the protein assay of Layne (1957).

The absor-

bence at 280 and 260 n m for each fraction collected was determined
and the protein concentration calculated using the following
formula:

mg protein/ml = (Abs. @ 280 • 1.55) - (Abs. @ 260 • 0.76).

The relative changes in protein concentration are similar for both
methods but the total amount of protein varies depending on the
assay used (Sparks et a l . , 1979).
Esterase A s s a y s .— Plasma juvenile hormone esterase (JHE)
activity was assayed by the method of Hammock and Sparks

(1977).

The substrate was JH I and JH III chain labeled with ^H at C-10
(New England Nuclear Corp.) mixed with Calbiochem-Behring Corp. cold
J H I and JH III, respectively, to obtain a final concentration in
ethanol of 5 X 10“^M.

One ul of 5 X 10“^ M JH I or JH III substrate

with a specific activity of 12,000 CPM/ul was added to 100 ul of
diluted plasma, making a final substrate concentration of 5 X 10“^M,
and was incubated at 30°C.

Crude plasma was diluted 1:20 in sodium

phosphate buffer and incubated for 25 min with the JH I or JH III
substrate.

This resulted in an hydrolysis rate that was linear with

47

time through 25 min and approached the maximum hydrolysis rate.
Immediately after incubation, 50 ul of a 10:9:1 solution of methanol:
water:conc. ammonium hydroxide and 250 ul of isooctane was added,
vortexed, and centrifuged for 5 min at 1000 j».

The activity of 100

ul aliquots of the lower aqueous phase containing JH acid and the
upper organic phase containing unmetabolized JH substrate was deter
mined by liquid scintillation counting.
Alpha-naphthyl acetate esterase (C^-NAE) activity was assayed
by a modification of the procedure of Katzenellenbogen 'rid Kafatos
(1970) and Weirich et al.

(1973).

One hundred ul of a 1:20 dilution

of crude plasma in sodium phosphate buffer was added to 1000 ul
of a 2.5 X 10“^ M O f - N A solution made up in buffer just prior to the
analysis.

After a 60 min incubation period at 30°C, the reaction

was quenched with 500 ul of a SDS-Fast Blue solution (3.4% sodium
dodecyl sulfate and 0.4% Fast Flue B salt (Aldrich) in distilled
water).

After a 10 min period for color development, 3400 ul of

buffer was added and the absorbence measured immediately at 600 nm
on a Spectronic 20.

The absorbence was compared to a blank containing

the same diluted plasma that was not incubated.

The standard was

1-naphthol in buffer.
Daily changes in JH I and JH III esterase activity and in C^-NAE
activity was determined for the last stadium of the sugarcane borer.
To determine the relative stability of the JHE and C^-NAE activity
over time, crude prepupal plasma diluted 1:20 in sodium phosphate
buffer and stored at 4°C, was assayed for both JHE and CK-NAE activ
ity immediately after collection and subsequently at daily intervals
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through 8 days.
Gel F i l t r a t i o n .— One ml of plasma was collected from 40 to
50 prepupae and diluted b y one-half in sodium phosphate buffer
(1=0.2, pH 7.4, 0.01% P T U ) .

Diluted plasma was loaded on a 70

X 2.6 cm (i.d.) Sephacryl S-200 column and eluted with phosphate
buffer (same as diluting buffer) at a flow rate of 24.8 ml/hr at
4°C.

Fractions of 6.2 ml were collected and stored at 4°C.

Undiluted fractions were assayed for JH I and JH III esterase
activity immediately after the column run was finished.
incubation time at 30°G was 20 min.

The

Column fractions were also

monitored at 280 and 260 n m on a Beckman Model 35 Spectrophotometer
and the protein concentration determined by the method of Layne (1957) .
Inhibition of Esterase A c t i v i t y .--The following list of inhibi
tors was used:
1.

DFP:

0,0-diisopropyl phosphorofluoridate.

2.

EPPAT:

3.

methyl-paraoxon:

4.

paraoxon:

5.

i-propyl-paraoxon:

O-ethyl-S-phenyl phosphoramidothiolate.

0,0-diethyl-0-£-nitrophenyl phosphate.

6 . n-butyl-paraoxon:
7.

0,0-dimethyl-0-£-nitrophenyl phosphate.

eserine sulfate:

0,0-diisopropyl-0-£-nitrophenyl phosphate.
0 ,0 -di-n-butyl-0 -j3-nitrophenyl phosphate.
5-methylcarbamoyloxy-l,3a,8-trimethyl-2,3,3a,

8a-tetrahydropyrrolo-(2,3-b)-indol sulfate.
8 . CMPS:
9.

TFT:

p-chloromecuriphenyl sulphonic acid.
l,l,l-trifluorotetradecan-2-one.

Compounds 1, 7, and 8 w e r e from Sigma Chemical C o . ; compound 2
courtesy of P. S. Magee, Chevron Chemical; compounds 3, 5, and 6

courtesy of H. Chambers, Miss. State Univ.; compound 4 from Aldrich
Chemical Co.; and compound 9 from B. D. Hammock, Univ. Calif.,
Riverside.

CMPS was dissolved in H£0.

in ethanol.

All other inhibitors were

The above list of inhibitors was verified by thin layer

chromatography to be > 95% pure.

One ul of the inhibitor, ethanol,

or buffer (the untreated condition) was added to 100 ul of crude,
prepupal plasma (diluted 1 :20) or to partially purified, prepupal
plasma

(an undiluted aliquot of fraction 46 from the gel filtration

column).

This was preincubated at 30°C for 10 min.

I, JH III, or Q?-NA substrate was

Juvenile hormone

then added and esterase activity

assayed as described under Esterase A s s a y s .

Inhibitor action was

expressed as a percent of the original activity which in all cases
except for CMPS, was corrected for the inhibitor effect of ethanol
on JHE activity.

Inhibitor action was also expressed as the I5 0 J

the inhibitor substrate concentration at which the esterase activity
was reduced by one-half.
Isoelectric F o c u s i n g .--Crude prepupal plasma diluted by one-half
with buffer, was applied to filter paper squares placed on a precast
5% polyacrylamide gel (90 X 110 X 1 mm, ampholine concentration=
2.4% (w/v), pH 9.5-3.5) that was prefocused for 1 hr.

Seventy ul

of diluted plasma was applied to a 1 X 3.5 cm Whatman No. 3 filter
paper square for the JH esterase analysis and 10 ul added to a
1 X 0.5 cm filter paper square for the Ctf-NAE analysis.

The samples

were focused for 1.5 hr at 4°C on a LKB Multiphor (2117) according
to the procedure of W inder and Andersone (1977).
into 2.5 to 10 cm fractions

The gel was sliced

(Fig. 4), homogenized in 500 ul of buffer,

and assayed for J H I and JH III esterase activity (30 min incubation
at 30°C).

The gel w as stained for Q^-NAE activity according to the

precedures of Sparks and Hammock (1979).

The pH gradient was deter

mined from gel fractions extracted with glass distilled wat e r and
measured with a Radiometer (Model 26) pH meter at 4°C.
H P L C .--0ne hundred ul of plasma diluted by one-half with sodium
phosphate buffer

(1=0.02, pH 7.0, no PTU) was eluted on 2 Waters

Assoc., Inc., 1-125 protein analysis columns in series

(7.8 X 300

m m each, silica pore size 125 R, protein size range 2,000 -80,000
daltons) with a 30 X 4 m m guard column dry packed with 37-75 u,
Protein 1-125.

HPLC purification was performed with a Waters liquid

chromatograph equipped w i t h a Model U 6K septumless injector, a
Model M-600A solvent pump, and a Model 440 Absorbance Detector
(wavelength 280 n m ) .

The flow rate was 1 ml/min of sodium phosphate

buffer (1=0.02, pH 7.0, no PTU).

Fractions of 0.5 ml were collected

and immediately assayed for JH I esterase activity (1.5 hr incubation
at 30°C of the undiluted fraction) a n d C V -NAE activity (1 hr incuba
tion at 30°C of the undiluted fraction).
Knj.--The rate of hydrolysis of JH I by crude prepupal plasma
diluted 1:20 in buffer was determined for substrate concentrations
of 5 X 10"^M (2 min incubation time at 3 0 ° C ) , 1 X 10“^M (3 m i n ) ,
2 X 10_6M (5 min), 5 X 10_6M (10 min), and 8 X 10"6M (10 min).
The apparent Km was determined from a Lineweaver-Burk reciprocal
plot.

Results

The growth rate of female sugarcane borers was highest during
the first 2 days of the last stadium (Fig. 1).

The maximum weight

was attained in the latter one-third of the stadium and the borers
lost weight from Day 4 to Day 5.

The plasma protein concentration

(Fig. 1) decreased from Day 0 to Day 1 and then increased linearly
at a rate of 17.6 mg protein/ml-of-plasma/day from Day 1 through
Day 4.

The concentration increased only 4.4 mg/ml/day between Day

4 and Day 5 to a maximum concentration of 98.3 mg/ml

(an 18% increase

for the last stadium).
There was an increase in the rate of metabolism of JH I from
Day 0 of the last stadium (0.89 nmoles/min/ml) ending in a peak of
1.56 nmoles/min/ml on Day 2 (Fig. 1).

This peak occurred near the

time when the maximum weight was attained.
to its original Day 0 level on Day 4.

The JHE activity declined

A second peak larger than the

first occurred at the prepupal stage on Day 5.
as substrate,

When JH III was used

the esterase activity was 52% of that for JH I on

both Day 4 and Day 5.

W h e n JH I esterase activity was expressed

per mg of plasma protein,

there were still 2 peaks of activity, but

the first peak was larger than the second.
Only 1 peak of Q ^ - N A E activity was detected (Fig. 1).

This

occurred at the same point in development as the second JHE activity
peak.

For CV-NAE activity expressed per mg of plasma protein, there

was a decline in activity during the first 4 days of development and
a peak in activity at the prepupal stage on Day 5.
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Figure 1.

Daily changes in larval wet weight ( □ ) , plasma protein
( ■ ) , £ ¥ -NAE activity (A), and JHE activity, JH I ( • ) ,
and JH III ( o ) , during the last stadium for female
sugarcane borers.
The wet weight or protein concentra
tion on each day is the mean of at least 20 borers.
For
the esterase activity, each point represents the mean of
at least triplicate assays on at least 6 separate plasma
pools.
The vertical lines represent the standard error
of the mean which in most cases do not exceed the size
of the symbol.
(Data used for this figure are in Appen
dix Table 8 .)
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Sparks and Hammock (1979) found that the C ¥ - N A E activity in
diluted hemolymph of Trichoplusia ni was very unstable dropping to
50% of its original activity in less than 12 hrs, but JHE activity
was constant for up to 5 days.

In prepupal sugarcane borers

(Fig. 2),

Q ? “NAE activity was reduced to 50% of its original activity in 4
days.

This time period w as longer than for T. ni CV-NAE activity

but unstable enough to necessitate the immediate analysis of diluted
plasma, or column and gel fractions when G(-NAE activity was to be
measured.

Plasma JHE was stable and could be stored at 4°C for

8 days when diluted at least 1:20 in buffer.
The gel filtration profile for both JH I and JH III esterase
activity (Fig. 3) consisted of a single peak of activity for each,
with a baseline separation from the bulk of the plasma protein.
The amount of JHE activity varied with the substrate as was also the
case for crude Day 4 and Day 5 plasma

(Fig. 1).

peaks occurred in the same column fraction.

The JH I and JH III

For fraction 46

(Fig. 3),

the JH I was metabolized at a rate 1.5 times faster than JH III.
The JH I esterase activity in diluted prepupal plasma was
sensitive to a 10 min preincubation with EPPAT and TFT (Iso=3 X 10“^
and 1 X 10~^M, respectively), and insensitive ( I 5 0 > 1 X 10"^M) to
DFP, methyl-paraoxon, paraoxon, i-propyl-paraoxon, n-butyl-paraoxon,
eserine sulfate, and CMPS (Talbe 1).

The JH I esterase activity in

plasma partially purified by gel filtration and the J H III esterase
activity of crude plasma were also sensitive to EPPAT and TFT, and
insensitive to DFP and paraoxon.
The inhibitor profile for Of-NAE activity was different from

Figure 2.

Stability of prepupal, female sugarcane borer, plasma
JHE activity w i th JH I as substrate (© ) and plasma
O'-NAE activity (A). Plasma is diluted 1:20 in phos
phate buffer (1=0.2, pH 7.4, 0.01% PTU) and stored at
4°C.
Two separate plasma pools were used for each enzyme.
Vertical lines represent the standard error of the mean
which in most cases do not exceed the size of the symbol.
(Data used for this figure are in Appendix Table 9.)

2

3

4

5

ELAPSED TIME (DAYS)

Figure 3.

Gel filtration pattern for prepupal, female sugarcane
borer, plasma protein ( B ) and plasma JHE activity, JH
( • ) and JH III ( O ) .
Each fraction is 6.2 ml.
(Data
used for this figure are in Appendix Table 10.)

i

I

MG PROTEIN/ML

FRACTION NUMBER
1W/NIW/III HO IHr lOWd

Table 1.

Inhibition of prepupal Of-NAE activity and JHE activity (with JH I and JH III as substrate) in
crude plasma, and inhibition of prepupal JHE activity (JH I) from partially purified plasma.
Assays were performed at least in triplicate on 2 separate plasma pools.

JH III— %

Gel Filtration^
JHE Activity
JH I— Z

100.0+ 1.0

100.0+ 1.6

100.0+0.9

102.5+2.2 ( > 1 X 10"4)

104.5+0.3

101.3+1.7

3 X 10-6)

4.0+0.8

0 .8+0.6

Crude Plasma
Inhibitor
(1 X 10-4M)
untreated

Qf-NAE
Activity--% (I50,M)1
100.0+ 1.2

JHE Activity
JH I— % (I50.M)

18.7+3.7 (

1 X 10-7)

9.7+2.1 (

6 X 10-7)

12.0+ 2.0 (

methyl-paraoxon

19.8+0.5 (

8 X 10-7)

88.1+1.7 ( > 1 X 10-4)

paraoxon

12.9+0.5 (

1 X 10-7)

97.3+1.4 ( > 1 X 10-4)

i-propyl-paraoxon

37.4+1.3 (

9 X 10-6)

99.6+1.8 ( > 1 X 10~4)

—

—

n-butyl-paraoxon

10.6+ 1.0 K

1 X 10“8)

88.8+1.7 ( > 1 X 10-4)

—

—

eserine sulfate

80.5+5.4 ( > 1 X 10-4)

104.5+1.7 ( > 1 X 10-4)

—

—

CMPS

84.8+2.6 ( > 1 X 10-4)

98.2+1.4 ( > 1 X 10-4)

—

—

TFT

29.4+4.1 (

DFP
EPPAT

ethanol

100.0± 1.5

2 X 10-6)

21.7+1.1 (
80.0+1.0

1 X 10-5)

—
92.9+1.3

—
85.8+3.5

9.8+0.6

1 .8+0.6

70.6+1.1

87.2+1.8

^Percent of original activity (+1 standard error of the mean) remaining after treatment with inhibitor.
For inhibitors dissolved in ethanol, the percent reduction in JHE activity was corrected for the effect of
ethanol on JHE activity. The I50 was determined from inhibitor concentrations of 1 X 10“4 to 1 X 10“ 8m
using least squares regression formulas.
^Fraction No. 46, Figure 3.

that for JHE activity.

The Q(-NAE activity was sensitive to DFP,

EPPAT, methyl-paraoxon, paraoxon, i-propyl-paraoxon, n-butylparaoxon, and TFT, and insensitive to eserine sulfate and CMPS.
In Trichoplusia n i , TFT was selective, only inhibiting the activity
of JHE (Sparks and Hammock,
ranked as follows:
propyl-paraoxon.

1980).

The l5o ’s f°r

paraoxon's

n-butyl-paraoxon< p a r a o x o n < m e t h y l - p a r a o x o n < i The I50 for 0?-NAE activity inhibited by EPPAT

or TFT was smaller than the corresponding I5q ' s f°r JH I esterase
activity.

One percent ethanol

(v/v)

had no effect on the Q^-NAE

activity (Table 1), but reduced JH I esterase activity by 20% and
JH III esterase activity by 29%.
The broad range pH 9.5-3.5 isoelectric focusing pattern
for prepupal JH I and JH III esterase activity consisted of 2 peaks
of activity (Fig. 4).

For the JH I and JH III esterase activity,

75 and 78%, respectively,

of the total activity recovered from the

gel was centered in these 2 peaks.

Although the amount of activity

in each peak varied between gel runs, the 2 isoelectric points were
always at 6.9 and 6.3.

There were 5 bands of 01 -NAE activity, none

of which correlated with the peaks in JHE activity.
The HPLC elution profile for prepupal plasma esterase activity
consisted of 2 peaks of
activity (Fig. 5).

JHE activity and a single peak of O'-NAE

Of the JHE activity recovered,

activity was found in peaks 1 and 2,
recovered were in these two peaks.

respectively;

52 and 43% of the
95% of the activity

F or the C^-NAE activity, 57%

of the activity recovered was in the 1 major peak that was found.
The second JHE activity peak had the same retention time as the single

Figure 4.

Broad range (pH 9.5-3.5) isoelectric focusing profile of
JHE activity, JH I ( # ) and JH III ( o ) ; and of Q ^ -NAE
activity, lower strip.
Band S (lower strip is an arti
fact resulting from the sample application.
The gel
fractions assayed for JHE activity are shown in the
upper strip.
The isoelectric focusing profile was dup
licated on 2 separate plasma pools from prepupal, female
sugarcane borers.
(Data used for this figure are in
Appendix Table 11.)
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Figure 5.

HPLC elution profile for prepupal, female sugarcane borer
plasma protein (top, percent response for 1.0 absorbence
unit full scale, wavelength 280 n m ) , plasma JHE metabolism
of JH I ( • ) (bottom), and plasma Otf-NAE activity (A)
(bottom).
Each fraction is 0.5 ml.
(Data used for the
bottom are in Appendix Table 12.)
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O^-NAE peak.

The JHE activity in peak 1 and 2 (fractions 25 and 31

Fig. 5) was insensitive to a 10 min preincubation with 1 X 10“^ M
DFP.
The apparent

w i t h JH I as substrate was 2.80 u M (Fig. 6).

This was similar to other JH I and JH III K m values reported in the
literature (JH I 1^=1.0 and 0.6 u M for Leptinotarsa decemlineata,
Kramer and de Kort,

1976 a; JH I 1^=1.79 u M for Galleria mellonella

McCaleb et a l ., 1980; JH III 1^=0.5 u M for L. decemlineata, Kramer
and de Kort,

1976 b; and JH III Km =1.43 u M for Manduca sexta,

Vince and Gilbert,

1977).

o o

Figure 6.

Lineweaver-Burk reciprocal plot for the determination of
the apparent Km of prepupal, female sugarcane borer,
plasma JHE.
The substrate used was JH I.
The apparent
Km is 2.80 uM.
Each circle represents the mean of 3
analyses of plasma pooled from 15 insects and diluted
1:20 in phosphate buffer (1=0.2, pH 7.4, 0.01% P T U ) .
Data were fitted by least squares regression formulas
(r2=0.9997).
(Data used for this figure are in Appen
dix Table 13.)
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Discussion

The

a -NAE

activity was distinct from the JHE activity in

all experiments performed on last stadium female sugarcane borers.
The pattern of change in the 0^~NAE activity during the last stadium
of the sugarcane borer was different from that for JHE activity.
similar conclusion was reached by Weirich et al.

A

(1973) and Sparks

et a l . (1979) working with Manduca sexta and Trichoplusia ni,
respectively;

the JHE activity during last stadium development

followed a different course of change from that of the OL -NAE activ
ity.

Also,

the stability of 01 -NAE activity in diluted prepupal

plasma stored at 4°C was different from that for the JHE activity.
The 01 -NAE activity was reduced to 32.5% of its original activity
in 8 days while JHE activity was unchanged.

Furthermore,

the

inhibition pattern for the CY-NAE activity was different from the
JHE activity inhibition pattern.

Of the potential inhibitors tested

in Table 1, only EPPAT, TFT, and ethanol inhibited JHE activity.

The

CV-NAE activity was inhibited by DFP, EPPAT, the paraoxon's, and TFT.
At no point in the isoelectric focusing of prepupal plasma was
there a correlation between the isoelectric points for JHE activity
and that for a -NAE activity.

Sparks et al.

(1979) using identical

procedures on T. ni also found that the majority of the 01 -NAE
activity did not correlate with the JHE activity.

The HPLC analysis

of prepupal plasma indicated that 43% of the JHE activity recovered
had an identical retention time to 57%, of the a
recovered.

-NAE activity

But, the JHE activity correlating with the Of-NAE

68

e>y
activity was insensitive to DFP treatment indicating that at least
the majority of the JHE activity was not due to the DFP sensitive
Ctf-NAE activity.

Thus, the last stadium C^-NAE and JHE activity

pattern, the inhibition pattern, enzyme stability,

isoelectric

focusing, and HPLC all indicated that at least the majority if not
all of the JHE activity in the last stadium plasma of D. saccharalis
was due to JH specific esterase(s) distinct from 0 1 - N A E 's .

This

conclusion was similar to that of Sparks and Hammock (1979) for T.
ni last instar hemolymph.

The concept of Sanburg et al.

of 2 classes of JHE both with about equal activity,

(1975 a,b)

1 class DFP

sensitive with JHE activity attributed to general esterase activity
and a second class DFP insensitive with JH specific esterase activity,
was not applicable to the sugarcane borer as it was for M. sexta.
The majority of the sugarcane borer JHE activity was due to DFP
insensitive JH specific esterase(s).
The isoelectric focusing and HPLC profiles resolved 2 JHE
forms.

Sanburg et al.

(1975 a) found 3 JH specific esterase forms

from the isoelectric focusing, profile of M. sexta hemolymph.
et al.

Sparks

(1979) found 2 peaks from the isoelectric focusing of

T. ni hemolymph,

the smaller of which they suggested might be an

isozyme, proenzyme, artifact,
The JHE
stadium,

the

or a result of JHE degradation.

activity pattern for the last 2 days of the last
JHE inhibition pattern for prepupal plasma, and the JHE

activity gel

filtration and isoelectric

focusing pattern for pre

pupal plasma

was similar w hen monitored with JH I and JH III.

This suggested that JH I and JH III were being metabolized by the

same JH specific esterase(s).

Juvenile hormone I was metabolized at

about twice the rate of J H III.

In T. ni, there was a 15 fold

greater hydrolysis rate for JH I than JH III (Sparks et a l .,
1979), and in Blaberus giganteus, the rates were about equal.
The higher JHE activity for JH I in comparison to JH III, is con
sistent with the increased abundance of JH I (referred to as a
larval hormone) over J H III in pre-adult insects (Lanzrein et a l .
1975, Schooley et al. 1976, and Sparks et al.
de Kort

1979).

Kramer and

(1976 a,b) found only small differences in the apparent

Km of Leptinotarsa decemlineata using JH I (1^=0.6 uM) and JH III
(K =0.5 uM).
m
—
The plasma .JHE activity pattern during the last stadium of
the sugarcane borer was similar to the pattern reported by Sparks
et al.

(1979)

and Gilbert

for Trichoplusia ni, by Weirich et al.

(1973) and Vince

(1977) for Manduca se x t a , and by Jones et al.

10 out of 11 species studied.

(1981) for

This was not the case for the CV-NAE

activity pattern in D. saccharalis, T. ni (Sparks ^t a l . , 1979),
and M. sexta (Weirich et al.,
1973, Sanburg et al.

1973).

Many studies

(Weirich et a l .

1975 a,b, Nowock and Gilbert 1976, and Vince

and Gilbert 1977) and this one is no exception, point to the involve
ment of JHE in regulating JH concentration in hemolymph at specific
points during last stadium development.

Nowock and Gilbert (1976)

presented evidence that the fat body released a JH specific binding
protein which combined with JH in the plasma protecting it from the
action of general esterases but not from JHE.
(1976) and Sparks et al.

Nowock and Gilbert

(1979) suggested that JH maintenance in the

plasma was a result of an equilibrium between JH production and
release by the corpora allata and the amount of protective binding
protein, general esterase, and JHE present in the plasma.

Considering

a difference of about 30 fold between the first JHE activity peaks
of last stadium Trichoplusia ni (Sparks est a l . , 1979) and D.
saccharalis, there is the possibility that the importance of JHE
in this equilibrium is different for different species.

Jones

et a l . (1981) found a greater than 400 fold difference between the
first JHE activity peaks of Orgyia vetusta and Danaus plexippus.
The JHE inhibition profile for the sugarcane borer was similar
to the inhibition profile of the other Lepidoptera studied (Sanburg
et al.
1980)

1975 a, Sparks and Hammock 1979 and 1980, McCaleb et a l .
in that it was sensitive to TFT and EPPAT and insensitive to

DFP, eserine sulfate, and CMPS.

But the sugarcane borer JHE was

different from T. ni and Galleria mellonella in that it was not
inhibited by paraoxon or any of the paraoxon analogs, methyl-paraoxon, i-propyl-paraoxon, and n-butyl-paraoxon.

Sugarcane borer JHE

was also found to be sensitive to ethanol and T. ni were not.
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APPENDIX

Table

1.

Cumulative growth curve for male and female, larval and 1 day old pupal sugarcane borers.
Each mean +1 standard error of the mean is derived from at least 31 insects.

Cumulative Age
(days)

0

$ Weight (MG)

0.057
+0.002

c? Weight (MG)

0.057
+0.002

? Wt/cf Wt Ratio

2

—

1.00

l()ne day old pupal weight.

16

4

6

8

10

12

1.14
+0.06

4.19
+0.24

10.37
+0.82

24.14
+2.07

59.3
+3.8

101.9
±7-4

165.3
±9.1

1.05
+0.05

3.76
+0.22

9.21
+0.60

20.49
+1.23

55.8
+3.6

84.2
+4.5

108.0
+4.5

1.09

1.11

1.13

1.18

1.06

14

1.21

1.53

18

179.3
±7.9
94.4 1
±2.7

20

156.3 1
±3.5

Table 2.

The r e la t i o n o f egg h a tc h , e c d y s is , and pupation to the l ig h t : d a r k c y c le .

TIME

9 A M - 2 A M - 7 A M - 9 A M - 1 1 A M - 1 P M - 3 P M - 5 P M - 7 P M - 9 P M - 2 A M - 7 A M

% of 813
Hatched/HR.

0.0

0.2

47.0

2.0

0.5

0.0

0.0

0.0

0.0

0.0

0.0

% of 125
Molts/HR.

1.2

1.2

12.0

17.5

8.0

5.0

1.0

0.0

0.5

0.0

0.0

% of 183
Pupae/HR.

2.8

4.2

2.0

2.5

2.0

3.5

2.5

4.0

2.0

3.2

2.2

Table 3.

Wet weight +1 standard error of the mean versus age for male and female, last stadium sugar
cane borers. Stadium duration Is 4, 5, and 6 days for males and 5, 6 , and 7 days for fe
males. Only ecdysis to the last stadium during the 12th to 14th day after egg hatch and
only between the hours of 7:00 AM (lights-on) and 3:00 PM each day, was used; this was 79%
of all ecdysis to the l^st stadium during the 12th to 14th day. Of the 269 last stadium
larvae examined, 9% were males pupating in 7 days or females pupating in 4 days or larvae
that died as larval-pupal intermediates.

Age (days)

0

1

2

3

4

5

6

7

Males:
4-Day
(n-37)

53.2+2.2

91.4+2.9 115.8+2.8

122.4+2.4

114.2+2.1

5-Day
(n=81)

42.7+1.3

76.0+2.1 101.0+2.3

114.1+2.1

115.7+1.8

102.8+1.4

6-Day
(n=18)

34.2+2.2

59.7+3.2

96.4+2.7

102.1+2.8

104.4+2.8

80.3+2.6

93.3+3.3

Females:
5-Day
(n=53)

72.2+2.4

132.0+3.9 181.5+4.9

208.5+4.6

212.0+4.0

182.0+3.6

6-Day
(n=39)

60.0+2.1

110.2+3.6 151.2+4.8

181.3+5.0

196.9+5.7

195.6+4.7

170.7+4.0

7-Day
(n=16)

54.9+4.3

150.0+7.9

169.6+7.2

176.1+6.4

175.1+6.0

94.9+7.0

126.2+8.7

151.4+4.3

I y

Table 4.

Larval wet weight at or above that indicated for 0 day old
last stadium borers versus the percent of 5-day-females
comprising a population of 0 day old, last stadium borers
with corresponding weights at or above that indicated; and
versus the number of 5-day-females with weights at or above
that indicated as a percent of all the 5-day-females pre
sent in a population of 0 day old last stadium borers.
These data were derived from Appendix Table 3.

Larval Weight
(MG)

% 5-Day-?'s
in Population

% 5-Day-?'s

40

50

60

70

80

90

100

110

28

34

45

59

69

75

83

100

100

94

75

55

34

11

9

6

o u

Table 5.

Larval wet weight at or above that indicated for 1 day old
last stadium borers versus the percent of 5-day-females
comprising a population of 1 day old, last stadium borers
with corresponding weights at or above that indicated; and
versus the number of 5-day-females with weights at or above
that indicated as a percent of all the 5-day-females pre
sent in a population of 1 day old, last stadium borers.
These data were derived from Appendix Table 3.

Larval Weight
(MG)

70 80 90 100 110 120 130 140 150 160 170 180

% 5-Day-?'s
in Population

27 30 35

41

51

65

67

79

78

88 80 100

100 98 96

87

77

70

49

42

26

13

% 5-Day-?'s

8

8

81

Table 6.

Larval wet weight at or above that indicated for 2 day old
last stadium borers versus the percent of 5-day-females
comprising a population of 2 day old last stadium borers
with corresponding weights at or above that indicated; and
versus the number of 5-day-females with weights at or above
that indicated as a percent of all the 5-day-females pre
sent in a population of 2 day old, last stadium borers.
These data were derived from Appendix Table 3.

Larval Weight 110 120 130 140 150 160 170 180 190 200 210 220 230
(MG)

% 5-Day-?'s
in Population

% 5-Day-?'s

32

38

47

54

60

67

73

74

76

80

85

75 100

100

98

94

87

79

70

68

53

42

30

21

11

8

Table

7.

Daily changes in the larval wet weight, in the overall metabolic rate, and in the
hemolymph solute concentration in synchronous, last stadium, 5-day-female sugarcane
borers with 0 day old weights > 70 mg and 1 day old weights > 140 mg.

Age (days)

0

Wet Weight (MG)
(n)

88.6+3.61
(29)

VQ

1.01+0.05
(20)

(ML/G/HR)
(n)

mOsmoles/KG
(n)

327+2
(14)

1

172.3+6.2
(16)
1.02+0.03
(20)
360+2
(14)

■1-Mean +1 standard error of the mean.

2

221.2+6.7
(17)
0.96+0.03
(19)
346+4
(14)

3

233.7+7.8
(21)
0.81+0.03
(20)
343+3
(14)

4

240.7+6.1
(15)
0.82+0.02
(21)
325+5
(13)

5

187.8+4.3
(20)
0.80+0.03
(22)
311+3
(10)

Table 8.

Larval wet weight, plasma protein, Q'-NAE activity and JHE activity during the last stadium
of the sugarcane borer.

A g e (days)

W e t Weight (MG)
(n)

88.6+3.6 1
(29)

MG Protein/ML
(n)

54.7+4.3

n m o l O'- n a /m i n /m l

(n)
NMOL JH I/MIN/ML
(n)

1

0

2

3

4

5

172.3+6.2
(16)

221.2+6.7
(17)

233.7+7.8
(21)

240.7+6.1
(15)

187.8+4.3
(20)

60.4+2.5
(10)

81.4+2.4

(ID

41.2+2.4
(12)

(11)

93.9+2.5
(9)

98.3+3.5
(6)

51.3+4.9
(14)

37.5+3.6
(12)

44.1+4.1
(13)

44.0+2.7
(14)

44.3+2.9
(15)

123.6+9.5
(6)

0.89+0.04

1.4940.04
(13)

1.56+0.04
(9)

1.4440.04
(8)

0.97+0.08
(10)

1.73+0.10
(8)

-~

-“

0.5140.02
(7)

0.91+0.03
(7)

(ID

NMOL JH III/MIN/ML
(n)

^"Mean +1 standard error of the mean.

—

Table 9.

Stability of prepupal, female sugarcane borer, plasma JHE activity and plasma Q^-NAE
activity.
Plasma is diluted 1:20 in phosphate buffer (1=0.2, pH 7.4, 0.017, PTU) and
stored at 4°C.
Two separate plasma pools were used for each enzyme.

Elapsed
Time (days)

0

1

2

3

4

5

6

7

8

% Original
Activity (JHE)*

100.0±1.32

97.4±1.9

95.4 ± 1 .2

94.2±1.1

99.Oil.3

—

99.6±0.7

—

97.413.8

% Original
Activity («*-NAE)

100.0±3.9

76.4±Q.7

68.7±0.7

57.6±1.4

52.8±0.0

—

41.4+1.3

—

32.5+0.5

*Juvenile hormone I used as substrate.
^Percent of original activity +1 standard error of the mean.

Table 10.

Gel filtration pattern for prepupal, female sugarcane
borer, plasma protein and plasma JHE activity with JH I
and JH III as substrate. The fraction volume is 6.2 ml.

Fraction
MG Protein
PMQL JH Metabolized per MIN per ML
Number____________ per ML______________ JH I______________________ JH III
—
20
0.00
0.05
-- 0.00
21
—
0.00
0.00
22
—
—
23
0.00
-0.00
24
0.00
—
—
0.26
25
26
0.61
2.18
3.15
—
1.50
27
1.33
28
2.66
1.58
1.71
-1.40
29
3.38
30
3.43
3.45
0.00
—
31
3.43
0.82
32
2.15
2.97
1.55
0.50
33
1.47
0.16
34
0.57
1.05
—
0.30
0.75
35
36
1.72
0.43
0.21
—
37
0.16
3.12
38
0.11
6.12
2.35
-9.68
39
40
8.96
0.01
17.08
—
41
31.78
22.72
42
45.45
0.00
—
43
69.62
48.16
44
0.00
81.00
—
—
45
110.98
46
0.00
119.42
80.00
—
124.68
47
43.68
48
0.00
79.40
-—
47.38
49
21.88
50
0.00
9.65
—
—
10.80
51
6.30
52
0.00
2.51
—
—
53
4.28
2.50
54
0.00
0.96
—
—
55
3.65
56
1.40
0.00
1.71
—
—
57
0.78
58
0.00
0.00
0.55
—
59
0.35
60
0.80
0.00
0.00
—
—
61
0.52
-0.00
62
0.22
—
-63
0.22
- 0.00
64
0.35
65
0.00
0.22

Table 11.

Broad range (pH 9.5-3.5) isoelectric focusing profile of JHE activity with JH I and JH III as
substrate. The profile was duplicated on 2 separate plasma pools from prepupal, female
sugarcane borers.

o H :1

9.2

8.3

7.9

7.3

6.9

6.3

5..9

5..0

4.1

C M :2

1

1

1

0.5

0.25

0.25

0 ..25

0 .5

1

Frac.
No.:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.22 2.15 1.37 0.32 0.27 0.70 3.03 19.50 10.70 12.10 16.00 10.10 1.40 1.20 1.13 1.67 0.90 0.73 0.00 0.00

JH I3
JH III3

—

0.40 1.11 0.36

—

0.29 0.79

4.26

3.32

3.59

J-The pH was measured from 1 CM strips of the gel.

o

Length of gel strip assayed for JH esterase activity.

3PMOL JH metabolized/MIN/CM Gel.

5.21

3.52 0.65 0.26 0.13 0.11 0.14 0.07 0.59 0.00

U I

Table 12.

HPLC elution profile for prepupal, female sugarcane borer,
plasma JHE metabolism of JH I and plasma Qf-NAE activity.
Each fraction is 0.5 ml.

Fraction
PMOL JH I Metabolized
NMOL *-NA Metabolized
Number__________ per MIN per ML____________ per MIN per ML
0.00
0.00
21
0.00
22
0.00
23
0.00
0.00
0.08
0.00
24
25
2.17
0.19
26
1.96
0.19
0.26
27
0.19
28
0.18
0.42
0.38
29
1.10
30
0.86
1.55
31
0.88
1.55
0.73
32
1.15
33
0.38
0.87
34
0.22
0.47
35
0.13
0.36
36
0.08
0.30
37
0.11
0.30
38
0.00
0.30
0.06
39
0.42
40
0.02
0.42
41
0.00
0.36
42
0.01
0.30
43
0.03
0.30
44
0.06
0.36
45
0.13
0.42
46
0.00
0.36
-—
47
—
48
0.30
-—
49
—
50
0.19
—
—
51
—
52
0.13
-53
—
54
0.08
-—
55
—
56
0.13
-—
57
—
58
0.13
-—
59
_
60
0.08

00

Table 13.

Data for a Lineweaver-Burk reciprocal polt to determine the
apparent
of prepupal, female sugarcane borer, plasma JHE
The substrate used was JH I. Analyses were made in tripli
cate on plasma pooled from 15 insects. Plasma was diluted
1:20 in phosphate buffer (1=0.2, pH 7.4, 0.01% PTU). Using
least squares regression formulas, the substrate concentra
tion at which the inverse of the rate of JH 1 metabolized
equals 0, is 2.80 uM (=Km).

JH I (M/L)l;

5 X 10-7

1 X 10-6

2 X 10‘6

5 X 10-6

1/JH I conc.:

2 X 106

1 X 106

5 X 105

2 X 105

8 X 10*6
1.25 X 105

NMOL JH I/MIN/ML2

1.31

2.28

3.51

5.59

6.56

1/NM0L JH I/MIN/ML

0.76

0.44

0.28

0.18

0.15

^Substrate concentration.
2Rate of metabolism of substrate.
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